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Abstract 
Eddy current (EC) based testing and measurement methods are well known in non-destructive 
testing (NDT) world. EC sensors are extensively studied and used for material health monitoring and 
its property measurement. Target displacement measurement is one of the well-known applications of 
EC method. The main advantage of EC sensor is its working capability in harsh environment like hu-
midity, contamination etc. It is non-contact, rugged and requires less maintenance.  The range and sen-
sitivity of target displacement is mainly determined by the probe geometry and its construction meth-
od. Also displacement measurement depends upon geometry and electromagnetic (EM) properties of 
the target plate. Any variation of ambient temperature alters the EM properties of the probe as well as 
EM properties of the target. Thus, many parameters like geometry, EM properties and temperature in-
volved in target displacement measurement. Hence, while using EC sensor for displacement measure-
ment, it demands careful design and measurement procedure to achieve high sensitivity and high pre-
cision with low temperature drift. To achieve these, we present the following. 1) A temperature com-
pensation technique 2) Optimization of probe geometry and its construction method to increase the 
range and sensitivity 3) Selection of suitable probe measurement parameter (Z, R, X) based on target 
material properties 4) Making the displacement measurement less sensitive to tolerance in probe con-
struction parameter. 
A temperature compensation technique for target displacement measurement, using a self-
running LC oscillator has been presented. A sensing coil is energized by a Hartley oscillator. The os-
cillator voltage is maintained at a constant level by a closed loop feedback circuit and the average 
feedback current to the oscillator is measured for target displacement detection. The temperature drift 
of the feedback current is compensated by applying temperature compensation function (TCF) and this 
is verified experimentally. Cold rolled mild steel (carbon steel) is taken as a target material and the 
sensor is tested over a temperature range of 20 °C – 80 °C. It shows that the temperature drift is less 
than ±30 ppm/°C over 3 mm target displacement. To match all the sensor modules in mass production, 
components selection procedure is presented. To avoid mismatch across sensors in manufacturing pro-
cess, the transistor based oscillator is modified with operational trans-conductance amplifier (OTA). 
The same temperature compensation formula (TCF) is applied to compensate the temperature drift of 
feedback current and achieved intended accuracy. 
Geometry and construction parameters of the eddy current sensing probe is optimized for target 
displacement measurement using Ansoft Maxwell, electromagnetic design software. EC probe with 
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different geometry are analyzed in search of suitable geometry for target displacement measurement. 
Four shapes of commercially available core have been chosen for probe construction. For each shape 
of sensing probe, the radius and height of the probe is increased by 0 mm to 9 mm to find the effect of 
them on sensitivity and range of target displacement measurement. It has been observed that the probe 
with less height and maximum diameter has shown better performance. In addition to that, the probe 
geometry is optimized to achieve more sensitivity and range within the space available for probe 
mounting. It helps to utilize the available space effectively for probe design. Coil winding and mount-
ing it inside the core window also important parameter in probe design. It has been observed that de-
pressing the sensing coil inside the core window from sensing face by 3 mm decreases the sensitivity 
by 40 %. Hence, it is recommended to place the coil on the extreme end of the sensing face of the 
core. To know the effect of core permeability, it is varied from 1000 to 15000. It has been observed 
that it has no effect on sensitivity and measurement range.  
Only optimizing the probe geometry and its construction method is not adequate for target dis-
placement measurement. We know that the EC based displacement measurement is also target materi-
al dependent. Generally probe impedance is measured and then the temperature drift of the sensing 
coil resistance is compensated to know the target displacement. Most of the temperature compensation 
techniques use this compensation technique and it is shown that those are suitable for high conductivi-
ty targets like copper. Choosing Z for displacement measurement may not be only best choice for all 
target materials. The displacement can be measured also through either R or X of the probe. Choosing 
the proper probe parameter for a given target material will provide a less temperature drift for target 
displacement measurement. To know about this, a simulation has been made for target displacement 
measurement with target metal of μr = 1, relative permittivity εr =1, and temperature coefficient of re-
sistivity ∝ = 0.004 K-1. The conductivity (σ) of the target is varied from 1×106 S/m to 62×106 S/m in 
the temperature range of 20 ℃ – 80 ℃. Now the simulation has been repeated by fixing  as a constant 
and varying target μr. The metal plate with  = 1×10
6 
S/m, εr=1 and ∝ = 0.004 K 
– 1
 is taken as a target 
and μr is varied from 100 to 10000. For both conductivity and permeability sweep analysis, the target 
displacement is measured as a function of Z, R and X independently. The temperature drift in dis-
placement measurement is also analysed for the above temperature range. An experiment has been 
conducted with copper, stainless steel and mild steel as target metal in the temperature range of 20 ℃ 
– 80 ℃. The temperature drift is calculated when the displacement is measured as function of Z, R and 
X. Based on the results, we have identified that the target material relative permeability determines the 
selection of probe measurement parameter for target displacement measurement. Hence, knowing tar-
get r alone suffice to select the probe measurement parameter (Z or R or X) for displacement meas-
urement.  
Optimizing the probe geometry, selecting the proper probe measurement parameter and temper-
ature compensation technique suffice to provide a good sensitivity, range and low temperature drift for 
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a single probe. But in general, one of the mass produced probes is selected as a reference probe and it 
is calibrated against the ambient temperature and target displacement. And the calibration curves are 
loaded to all the probes.  Matching the probe construction parameters to each other across the produc-
tion patches is not possible in mass production. This makes the temperature compensation function 
and displacement calibration are different for every individual probes for displacement measurement. 
This degrades the measurement accuracy. A simulation has been performed with pot core with com-
mercial tolerance. Using this, we have obtained 24 probes due to variations in 1) Individual and few 
combinational variations in core and coil dimensions 2) Core permeability variation and 3) relative 
position of the coil with respect to core. Finally, we have quantified the displacement error for each 
probe. We have identified the important probe dimensional parameters that have to be controlled pre-
cisely in mass production to improve the measurement accuracy. It shows error of 0.86 % in the dis-
placement measurement when the relative reactance and relative displacement is used for measure-
ment. 
In practice, error in displacement measurement due to both the ambient temperature drift and 
the tolerance in probe construction parameter exist simultaneously. Hence, the combined error is com-
puted for the target displacement range of 0 mm – 3 mm for the temperature range of 0 °C – 100 °C. 
The total error of less than 1 % is achieved for commercial standard probe tolerance. Finally, we have 
provided general factory production procedure and user calibration procedure of probe design to 
achieve cost effective displacement measurement with sensitivity and range with low temperature 
drift. 
 
